. However, direct characterization of the transition has been lacking. This 2 situation is presumably due to extremely long time scale of pipe flow, thereby requiring experiments with extraordinarily long pipe to observe the critical phenomena. To overcome this difficulty, we chose a quasi-two dimensional channel flow and forced the inlet boundary condition to be an active (turbulent) state. This enabled us to study the transition to turbulence as a surface critical phenomena. As a result, a clear transition between decay and penetration of the injected turbulent flow was observed.
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Quantification of the order parameter and the correlation length revealed critical behavior of the transition in the experiment on shear flows; three independent critical exponents support the notion that the transition to turbulence in channel flow belongs to the DP universality class.
In channel flow, the Reynolds number (Re) is defined as / K Re Uh   where U is the centerline velocity of the parabolic profile, h is the half-height of the channel, and K  is the kinematic viscosity of the fluid ( Figure 1 shows the visualization of turbulent spots observed near the middle of the channel ( / 1200 xh  ) at Re =810. Note that most part of the turbulent flow injected at the inlet quickly decayed and changed into a laminar flow. Hence, surviving turbulent flow tends to be depicted by localized turbulent spots characterized by finer scale disordered eddies surrounded by several streaks and clear laminar flows 22 . The typical size of the turbulent spot is about 40~80h . Figure 2 shows normalized intensity images of the flow pattern for three different
Reynolds numbers. As shown in Fig. 2a for Re=798, the injected turbulent structure separated into localized turbulent spots which gradually decayed as they propagated with the mean flow, and ultimately disappeared before reaching the channel exit. For 830 Re  , splitting and spreading of turbulent spots were clearly observed (see Fig. 2b 3 for Re=842). These processes contributed to the creation of turbulent clusters whose dynamics exhibited an intermittent stochastic nature in space and time. For sufficiently large Re values (e.g. 900 Re  ), turbulent flow was sustained (see Fig. 2c for
Re=1005).
This setup enabled the attainment of a steady state measurement of the area fraction of the turbulent region (the turbulent fraction ρ) for various x. ρ, estimated by measuring the time fraction occupied by turbulent flow averaged over a protractive time period (approximately 40 min; i.e. 100 times of that of flow circulation time), was found to saturate for higher Re and for larger x, as shown in Fig. 3a . Therefore, the turbulent fraction was measured as a function of Re at several distant locations, x , satisfying / 1280 xh  (see Fig. 3a ). The area fraction of the active (turbulent) region is the order parameter in the DP transition which increases continuously from zero to positive values.
Thus, the curves are fit by the function, 
for P is introduced (see SI for a detailed discussion and numerical validation of this hypothesis) with a universal scaling function () gx . By plotting rescaled probability In conclusion, the present result strongly supports the notion that the transitions to turbulence in shear flows belong to the DP universality class (Obtained critical exponents are summarized in Table 1 ). Unveiling the "dynamical origin" 28-30 of the critical behavior reported here is a future challenge toward a deeper insight into the onset of turbulence. 
Visualization.
Since the measurement of the spatio-temporal dynamics of turbulent spots in a large space is problematic, we utilized a simple visualization using tracer particles. 
Image analysis.
To obtain a background profile, the spatial profile of the scattered light intensity for the laminar state, ( , , ) R x z t , was captured at ~600 Re as movies for 100 sec every day before and after the series of measurements of turbulence. Then time average of the background 0 (,
, t R z x x z R t   at each pixel was calculated presuming that the spatial resolution is sufficient. We performed a Monte-Carlo simulation on the lattice of the size 8192 N  . We started our simulation with the system whose site in the wall is active and other sites are inactive.
Each Monte-Carlo step consists of a parallel update of each site based on the rule (1) and (2). Here we perform a stationary simulation: We first run the simulation for We first measured the order parameter  as a function of the distance x from the wall. The order parameter () x  is defined as a probability that the x th site from the wall is active during the stationary simulation. Figure S5a (Note that, as usual for a finite system, deviation from the power-law behavior is observed at the point where the resulting L is comparable to N ; then a finite-size effect is no longer negligible). These results are consistent with those reported by Costa et al. [3] , who studied asymmetric contact process (which is also known to belong to the DP universality class [4] ) driven by an active boundary condition. We also measured the order parameter  at the fixed observation point (8, 000 th site from the active wall) for various value of p . As expected, a power-
is observed for 0.64570 p  (Fig. S5c) . We obtain the critical exponent  as a best fit 0.271(8) 
, which is in a very good agreement with
, although a deviation from the power law is present for 3 10   as expected.
Next, we measured a distribution of durations  of an inactive state for a fixed observation point, as done in the experiment discussed in a main text. We made a histogram for  , and then calculated a complementary cumulative probability distribution () P  :
T is a Monte-Carlo steps for each realization. We confirmed that the distribution () P  as a function of  converged as long as we measured () P  at the site sufficiently far from the wall for Also, integrating the hypothesis (4) from  to  , and with a suitable normalization, we obtain the scaling hypothesis for () P  :
We rescale () P  according to the scaling hypothesis (5), and we observe a clear collapse onto a single, universal function as presented in Fig. S7b . Thus, we numerically confirmed that the scaling hypotheses (4) and (5) indeed hold in this case (although it may be slightly modified due to some intermittency effects [6] ).
We conclude that, in a system with advection and an active boundary, one can experimentally estimate all three critical exponents , ||  and   by measuring an order parameter at a point sufficiently far from the boundary, spatial dependence of the order parameter, and distribution of durations of an inactive state, respectively. Note that the exponent   , which is related to  and   by equation (4), can be estimated from the distribution of durations of an inactive state as well. . Typical behavior of image intensity fluctuations. Typical probability distribution functions (PDF) of image intensity fluctuations measured at a fixed location (x~3.2m) in a small region (25 mm  25mm) and accumulated for 1000 frames. All movies were normalized by a time averaged background image taken for a laminar state (Re~600), then histogram was accumulated for the normalized images. Black symbol represents PDF of intensity fluctuations in a laminar state (Re~600, ♦). PDF is close to a Gaussian distribution. As Re increases to Re=869 (■) and Re=904 (•), the turbulent spots gradually increase. Accordingly, intensity fluctuations show large deviations from the Gaussian both to brighter and darker sides. Note that PDF is a superposition of a narrow Gaussian originated from laminar states and a broad distribution with large skewed wings originated from turbulent spots. Large deviations which exceed 3 ( , ) xz    (green dashed line) from the mean laminar intensity were regarded as the turbulent state. 
